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Abstract 
The β-carotene content of five cassava varieties and products as well as β-carotene bioavailability in cassava grit 
from TMS 01/1371 were undertaken using 240 one-day old Arbor acre broiler strain randomly divided into eight 
groups of 30 birds each. Each group comprised a triplicate of 10 birds each assigned in a completely randomized 
design. The eight dietary treatments were: Diets 1 and 8 had yellow and white maize respectively as the main 
energy source, while diets 2, 3 and 4 had maize replaced with cassava grit from TMS 01/1371 at 25%, 50% and 
75%. Diets 5, 6 and 7 also had the maize contents similarly replaced with 25%, 50% and 75% grits from TME 
419 respectively. Yellow maize, white maize, grits from TME 419 and TMS 01/1371 contained 238.33, 13.33, 
6.67 and 108.33. β-carotene in the peeled fresh tuber of TMS 01/1412 (468.33), unpeeled fresh tuber (425.00), 
dried peeled tuber (391.67) and dried unpeeled cassava (323.33) were significantly higher (P < 0.05) than the 
corresponding values in TMS 01/1371 (416.67, 371.67, 311.67 and 283.33) and TMS 01/1368 (401.67, 350.00, 
295.00 and 258.33). TME 419 cassava and products (peeled fresh tuber, unpeeled fresh tuber, dried peeled tuber 
and dried unpeeled tuber, garri, garri flour, grit, grit flour, peeling, peels and leaves) contained significantly 
lower (P < 0.05) levels of β-carotene. The FCR of chicks on diet 1 (1.50) was lowest (P < 0.05) while those on 
diet 8 (2.24) was highest. The main and interactive effects of cassava varieties and inclusion levels of grits on all 
indices of performance were significantly different (P < 0.05). Dietary β-carotene only correlated negatively with 
grits inclusion levels (P < 0.05) from TMS 01/1371 (r = 0.40). The β-carotene content of the diets when related 
to the inclusion levels of grits from TMS 01/1371 were both significantly negative linearly and quadratically. 
Regression equations were: (1) Y = 15.333 – 0.0530x (R2 = 0.16); (2) Y = 13.667 + 0.147x – 0.003x2 (R2 = 0.36) 
Conclusively, processing methods adopted in this study reduced β-carotene content of cassava grits which may 
have affected the bioavailability of retinoic acid in broiler chicks’. 
Keywords: carotenoids, chick liver assay, provitamin bioavailability, retinoic acid retention 
1. Introduction 
Carotenoids are natural pigments which are responsible for yellow to red colour observed in plants and 
vegetables (Mortensen, 2006). Carotenoids are important for its various roles in human and animals, these 
include immune functions, decrease in the risk of disease and antioxidant function (Johnson, 2002; Rao & 
Honglei, 2002; Hinds et al., 1997). There are over 700 carotenoids (Junpatiw et al., 2013); one of which is the 
β-carotene. β-carotene can be metabolized to vitamin A through the action of the enzyme 15-15 monooxgenase. 
β-carotene provides 66% of vitamin A in the diets of humans in the developing countries (Rasaki & Abimbola, 
2009; Ayasan & Karakozak, 2010).  
Vitamin A deficiency is of global health significance in under-privileged communities of the world (Ajaiyeoba, 
2001; Mama Project, 2010). Sommer et al. (1983) established that vitamin A deficiency increased the risk of 
childhood morbidity and mortality in humans and reduced production in animals (Beach, 1923). The increased 
vitamin A deficiency has led to development of food fortification to correct the underlying low intake of vitamin 
A (UNICEF, 2007). 
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The erstwhile vitamin A deficiency in sub-Saharan Africa was due to poor intake of provitamin A (Tee, 1995). 
Cassava products are among the most consumed foods, its tuber products are major sources of nutrients to 
human and animals (Tee, 1995; Ayasan, 2010). The International Institute of Tropical Agriculture in their stride 
at reducing the prevalence of avitaminosis A in Sub-saharan Africa recently announced (IITA, 2011) cassava 
varieties widely acclaimed to be high in β-carotene (TMS 01/1368, TMS 01/1371 and TMS 01/1412). However, 
in obtaining products from cassava for humans and animals use, cassava must undergo various processing 
methods that could result in the losses of most of the acclaimed carotenoids (Pinheiro San’Ana et al., 1998a; 
Idah et al., 2010).  
Cassava grit is a product of cassava patented in Nigeria (Tewe, 2005) which is normally used as energy 
ingredient in the diet of animals. Reports (Adegbola & Asaolu, 1985; Bamgbose et al., 2011; Sarkiyayi & Agar, 
2010) have been on the proximate composition of various cassava products and by-products with scanty 
documentation (Aniedu & Omodamiro, 2012) on the carotene profile. The level of carotene in yellow cassava 
varieties and products is also yet to be documented. There is therefore the need to quantify the carotene content 
of cassava products and also to determine the bioavailability of β-carotene in cassava grit for broiler production. 
Therefore, this study was aimed at determining the β-carotene content of five varieties of cassava and products 
as well as the bioavailability of β-carotene in cassava grits for broiler chicks. 
2. Materials and Methods 
2.1 Experimental Site 
The experiment was carried out at the Poultry Unit, Teaching and Research Farm, University of Ibadan, Ibadan, 
Nigeria located on latitude 7o20′N, longitude 3o50′E, and 200 m above the sea level, in tropical rain forest 
vegetation zone. The laboratory analyses were carried out at the Department of Animal Science, University of 
Ibadan. 
2.1 Test Materials 
Tubers from five cassava varieties (TME 419, TMS 01/1368, TMS 01/1371, TMS 07/0593, and TMS 01/1412) 
and their leaves at 12 months of age were obtained from the International Institute of Tropical Agriculture, 
Ibadan, Nigeria. Products and by-products from the 5 cassava varieties were prepared and processed from the 
cassava tubers for proximate and beta-carotene content determination. A sufficient quantity of cassava grits was 
processed from two cassava varieties TME 419, the conventional variety and TMS 01/1371 notable for 
β-carotene.  
2.2 Collection and Processing of Test Materials 
Leaves of cassava with no evidence of structural, insect and microbiological damage were randomly sampled 
from each cassava variety plot and then oven dried at 65 oC. Cassava peels were obtained from respective tubers. 
Tubers were water-cleansed and then carefully sliced by sloughing the covering to reveal the cream or whitish 
inner root skin colour. Cassava peelings were obtained from cassava roots by mechanically peeling the ring-like 
covering of the cassava tubers. Cassava garri flour was the solid fibrous residue that remained after the water 
content has been extracted from the grated peeled tubers which was then oven dried at 65 oC. 
Cassava grits flour was processed from the whole tuber following the steps; weighing, washing, detailing, 
grating, bagging and pressing and oven dried at 65 oC as described (Tewe, 2005). Cassava grit was processed 
from the respective tubers as documented (Tewe, 2005). The processed cassava grit was thereafter used as test 
samples in formulating experimental diets. 
2.3 Experimental Animal 
A total of 240 one-day Abor Acre broiler chicks of 59.7±2.6 from Amo Hatchery, Awe, Oyo, Nigeria, was used 
for the study. The chicks were randomly distributed to eight dietary treatments. Each treatment was in triplicate 
of ten broilers per replicate. Birds were raised in a deep litter with separate feeder and water trough. Feed and 
water were given ad libitum, the offered and residual feeds were weighed. 
2.4 Experimental Diets 
Test cassava grit from TMS 01/1371 and TME 419 were each incorporated to replace yellow maize on weight 
for weight basis at 25, 50 and 75%. Other diets were the yellow maize based diet (T1) as the positive control and 
negative control (T8) which also contained white maize as well as liquid paraffin at 5 g/Kg diets. 
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Table 1. Gross composition of the experimental diet (g/100g) 
Ingredients 
Inclusion Level of Cassava Grits 
Diet 1 
TMS 01/1371 TME 419 
Diet 8 
(25%) (50%) (75%) (25%) (50%) (75%) 
Yellow Maize 50.00 37.50 25.00 12.50 37.50 25.00 12.50 0.00 
White Maize 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 
TME 419 0.00 0.00 0.00 0.00 12.50 25.00 37.50 0.00 
TMS 01/1371 0.00 12.50 25.00 37.5 0.00 0.00 0.00 0.00 
Soybean meal (42% CP) 35.9 39.00 41.50 43.14 39.5 42.00 44.00 35.90 
Wheat offal 8.24 5.14 2.64 1.0 4.64 2.14 0.14 8.24 
DL-Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
L-lysine 0.10 0.10 0.10 0.1 0.10 0.10 0.10 0.10 
Oyster shell 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Palm oil 2.50 2.50 2.50 2.50 2.50 2.50 2.50 0.00 
Fried Palm oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 
Dicalcium phosphate 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
Vitamin/mineral Premix* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Avatec 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
TOTAL 100 100 100 100 100 100 100 100 
Calculated values   
M.E (Kcal/kg) 3080.39 3091.87 3098.37 3097.73 3093.52 3097.52 3097.37 3080.39
Crude Protein (%) 20.97 20.88 20.64 20.19 20.93 20.61 20.17 20.97 
Methionine (%) 0.52 0.51 0.50 0.49 0.52 0.51 0.49 0.52 
Lysine (%) 1.30 1.33 1.36 1.37 1.34 1.37 1.38 1.30 
Available Phosphorus (%) 0.52 0.52 0.52 0.51 0.52 0.52 0.51 0.52 
Calcium (%) 0.97 1.00 1.03 1.05 1.00 1.03 1.05 0.97 
Note. Diet 1: A maize based diet. Diet 2: TMS 01/1371 replacing yellow maize at 25%. Diet 3: TMS 01/1371 
replacing yellow maize at 50%. Diet 4: TMS 01/1371 replacing yellow maize 75%. Diet 5: TME 419 replacing 
yellow maize at 25%. Diet 6: TME 419 replacing yellow maize at 50%. Diet 7: TME 419 replacing yellow maize 
at 75%. Diet 8: A white maize based diet, beta-carotene deficient diet (inhibited with the addition of 5gliquid 
paraffin in 100g of diet). M.E: Metabolizable Energy. 
*Each 1.25 kg vitamin/mineral premix contain: vitamin A-10,0000,0000 I.U, vitamin D3-22000000 I.U., vitamin 
E-10,000 mg, vitamin K3-2,000, Folic Acid-500 mg, Niacin-15,000 mg, Calpan-5000 mg, vitamin B2-5,000 mg, 
vitamin B12-10 mg, vitamin B1-1500 mg, vitamin B6-1500 mg, Biotin-20 mg, antioxidant-125,000mg, 
selenium-200 mg, iodine-1000 mg, iron-40,000 mg, cobalt 200 mg, manganese-70,000 mg, copper-4000 mg, 
Zinc-50,000 mg, choline chloride 150,000 mg and yolk colorant. 
 
3. Data Collection 
3.1 Performance Characteristics 
The feeding trial lasted 14 days, during which feed consumption by the experimental chicks were quantified on 
daily basis. The quantity of feed offered and those not consumed were recorded. The chicks were weighed at the 
start of the experiment and subsequently on weekly basis. The weight gain was calculated as the difference in the 
initial and final weights. Feed intake was estimated as the difference in the total weight of feed offered daily and 
the left over while the feed conversion ratio was calculated as: Total feed intake/weight gained by the chicks 
3.2 Chemical Analysis 
The proximate analyses of cassava, products and experimental diets were undertaken according to AOAC (1995). 
β-carotene (µg/100g) concentration of fresh cassava tuber, cassava products and by-products (grits, garri, pulp, 
leaf, peelings, peels, and the experimental diets) were determined spectrophotometrically (AOAC, 2005) and the 
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β-carotene calculated as: 
 μ /100
10000
Absorbance of sample  Average Gradient  Dilution Factorcarotene g  g            (1) 
Volume of SolventDilution Factor=
Sample Weight
                          (2) 
3.3 Vitamin A Assay 
At week 2, two birds per replicate were randomly selected, sacrificed and carefully dissected to harvest the liver 
which was immediately protected from light, chilled and thereafter analysed spectrophotrometrically for vitamin 
A (retinol) concentration (AOAC, 1990). Vitamin A (µg/g) as retinol was calculated using the formula:  
.
1
Absorbance of standard Conc  of standard
Absorbance of sample
                        (3) 
3.4 Statistical Analysis 
Data were subjected to analysis of variance in a complete randomized design using (SAS, 2002). Data were also 
subjected to correlation and regression analyses at α0.05. 
4. Results 
4.1 Proximate and β-Carotene Composition of the Test Material 
β-carotene content of cassava grits from TME 419, TMS 01/1371, yellow maize and white maize are shown in 
Table 2. Results showed that there were significant variations (P < 0.05) in the β-carotene of maize and grits. 
Yellow maize recorded the highest β-carotene value of 238.33 μg/100 g while cassava grits from TME 419 was 
lowest with β-carotene value of 6.67 μg/100 g. 
The β-carotene content (μg/100 g) of tubers and cassava products from the five cassava varieties are shown in 
Table 3. Results showed that there were significant variations (P < 0.05) in the values of β-carotene of the entire 
cassava tuber and products from different cassava varieties. Peeled cassava tuber of TMS 01/1412 had 
significantly higher (P < 0.05) β-carotene (468.33 μg/100 g) content while cassava grit flour and peels from TME 
419 were lower (3.33 μg/100 g) (P < 0.05) compared to others.  
TMS 01/1412 cassava tuber and products recorded the highest β-carotene while the lowest level was recorded 
for cassava varieties from TME 419 when compared to other varieties. β-carotene composition in peeled fresh 
tuber, garri, garri flour, grit, grit flour, peelings, peels and leaves of both TMS 01/1371 and TMS 01/1368 were 
not significantly different (P > 0.05). 
 
Table 2. β-carotene content of cassava grits and maize 
Sample β-carotene μg/100 g
Yellow Maize 238.33a
White Maize 13.33c
Cassava Grit from TME 419 6.67c
Cassava Grit from TMS 01/1371 108.33b
Standard error of mean 28.34
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Table 3. β-carotene content of tuber and products from five different cassava varieties (μg/100 g) 
Parameters TMS 01/1412 TMS 01/1371 TMS 01/1368 TMS 07/0593 TME 419 SEM 
Peeled Fresh tuber 468.33a 416.67b 401.67b 128.33c 31.67d 46.82 
Unpeeled Fresh Tuber 425.00a 371.67b 350.00c 96.67d 26.67e 42.93 
Dried peeled tuber 391.67a 311.67b 295.00c 88.33d 16.67e 38.24 
Dried unpeeled cassava 323.33a 283.33b 258.33c 56.67d 13.33e 33.85 
Garri 106.67a 91.67b 86.67b 31.67c 6.67d 10.32 
Garri flour 41.67a 35.00ab 30.00b 11.67c 1.67d 4.15 
Grit 133.33a 108.33c 118.33b 51.67d 6.67e 12.7 
Grit flour 58.33a 45.00b 41.67b 18.33c 3.33d 5.34 
Peelings  36.67a 23.33b 20.00b 6.67c 5.00c 3.15 
Peels 35.00a 25.00b 20.00b 8.33c 3.33c 3.11 
Leaves 30.00a 21.67b 20.00b 11.67c 5.00d 2.43 
Note. abcde Means in the same row with different superscript differ significantly (P < 0.05); SEM: Standard Error 
of Mean. 
 
4.2 Performance of Chicks 
Performance characteristics of broiler chickens fed cassava grits based diets are shown in Table 4. There were 
significant differences (P < 0.05) in the final weight of birds on diet 1 which had the highest final weight (408.64 
g) while those on diet 8, the least final weight (192.75 g). Significant differences (P < 0.05) were also recorded in 
total weight gain and daily weight gain. Chicks on Diet 1 had the highest total weight gain of 353.67 g and daily 
weight gain of 25.26 g followed closely by dietary treatment with 50% inclusion of cassava grit from TMS 
01/1371 with 300.31g of total weight gain and 21.45 g of daily weight gain. The least total weight gain (132.45 g) 
and daily weight gain (9.46 g) was recorded in chicks on diet 8. 
The total feed intake and daily feed intake of birds were significantly different (P < 0.05) with chicks on diet 1 
having highest total feed intake (531.50 g) and daily feed intake (37.96 g) while those on diet 8 had the lowest 
total feed intake (296.13 g) and daily feed intake (21.15 g) per birds. The feed conversion ratio (FCR) among 
experimental chicks were significantly different (P<0.05), Chicks on T1 had lowest FCR of 1.50 while those on 
diet 8, the highest. 
The main effect of cassava grit varieties and level of grit inclusion on performance of broiler chicks are shown in 
Table 6. Results showed that there were significant variations (P < 0.05) in the values obtained for all 
performance indices (final weight, total weight gain,  daily weight gain, total feed intake, daily feed intake and 
FCR), Cassava grit from TMS 01/1371 as well as the chicks on 50% inclusion had overall favourable effect on 
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Table 4. Performance characteristics of broilers fed cassava grit based diet 
Parameters 
Inclusion Level of Cassava Grits 
Diet 1 
TMS 01/1371 TME 419
Diet 8 SEM 
25% 50% 75% 25% 50% 75% 
Initial wt (g) 54.97 63.47 59.90 61.83 58.97 57.43 61.30 60.30 0.75 
Final wt (g) 408.64a 342.25 b 360.21b 333.71b 212.03c 350.52 b 341.09 b 192.75 c 14.94
TWG (g) 353.67a 278.79b 300.31b 271.87b 153.06c 293.09b 279.79b 132.45c 15.09
DWG (g) 25.26a 19.91b 21.45b 19.42b 10.93c 20.94b 19.99b 9.46c 1.1 
TFI (g) 531.50a 456.67b 465.73b 476.21b 352.92c 473.32b 480.22b 296.13d 15.41
DFI (g) 37.96a 32.62b 33.27b 34.02b 25.21c 33.81b 34.30b 21.15d 1.1 
*FCR  1.50c 1.64c 1.56c 1.76bc 2.45a 1.62c 1.72bc 2.24ab 0.1 
Note. *: Means no unit; abcde: Means in the same row with different superscript differ significantly (P < 0.05); 
FCR: Feed Conversion Ratio; Initial wt: initial weight; Final wt: Average final weight; TWG: Average total 
weight gain; DWG: Average daily weight gain; TWI: Average total feed intake; DFI: Average daily feed intake; 
SEM: Standard Error of Mean; TME 419: Cassava grit from cassava varieties TME 419; TMS 01/1371: Cassava 
grit from cassava varieties TMS 01/1371. 
 
Table 5. The interactive effect of cassava grit varieties and inclusion levels on performance of broiler chicks 
Parameters 
Inclusion Level of Cassava Grits 
TMS 01/1371 TME 419 
SEM 
25% 50% 75% 25% 50% 75% 
Initial wt (g) 63.47 59.90 61.83 58.97 57.43 61.30 1.83 
Final wt (g) 342.25 a 360.21 a 333.71 a 212.03b 350.52 a 341.09 a 11.70  
TWG (g) 278.79 a 300.31 a 271.87 a 153.06 b 293.10a 279.79a 12.20  
DWG (g) 19.91 21.45 a 19.42 a 10.93 b 20.94 a 19.98 a 0.87  
TFI (g) 456.67 a 465.73 a 476.21 a 352.92 b 473.32 a 480.23 a 12.27 
DFI (g) 32.62 a 33.27 a 34.05 a 25.21 b 33.81 a 34.30 a 0.88  
*FCR 1.64 a 1.56 a 1.76 a 2.45 b 1.62 a 1.72 a 0.21  
Note. *: Means no unit; abcde: Means in the same row with different superscript differ significantly (P < 0.05); 
FCR: Feed Conversion Ratio; Initial wt: initial weight; Final wt: Average final weight; TWG: Average total 
weight gain; DWG: Average daily weight gain; TWI: Average total feed intake; DFI: Average daily feed intake; 
SEM: Standard Error of Mean; TME 419: Cassava grit from cassava varieties TME 419; TMS 01/1371: Cassava 
grit from cassava varieties TMS 01/1371. 
 




Level of Inclusion 
SEM 
TMS 01/1371 TME 419 25% 50% 75% 
Initial wt (g) 61.73 59.23 1.06 612.20 586.70 615.70 0.79 
Final wt (g) 345.39a 301.21b 6.75 277.14b 355.37a 3374.00a 12.88 
TWG (g) 283.66a 241.98b 7.04 215.92b 296.70a 275.83a 12.83 
DWG (g) 20.30a 17.30b 0.50 15.40b 21.20a 19.70a 0.92 
TFI (g) 466.20a 435.49b 7.08 404.80b 469.52a 478.21a 11.57 
DFI (g) 33.30a 31.10b 0.51 28.9b 33.54a 34.16a 0.83 
*FCR 1.70a 1.90a 0.12 2.10a 1.59a 1.74a 0.10 
Note. *: Means no unit; abcde: Means in the same row with different superscript differ significantly (P < 0.05); 
FCR: Feed Conversion Ratio; Initial wt: initial weight; Final wt: Average final weight; TWG: Average total 
weight gain; DWG: Average daily weight gain; TWI: Average total feed intake; DFI: Average daily feed intake; 
SEM: Standard Error of Mean; TME 419: Cassava grit from cassava varieties TME 419; TMS 01/1371: Cassava 
grit from cassava varieties TMS 01/1371. 
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4.3 Dietary β-Carotene and Chick Liver Retinol Composition 
Dietary β-carotene and chicks liver retinol (μg/g) of chicks are shown in Table 7. Significant differences (P<0.05) 
were recorded for β-carotene content of the experimental diets. β-carotene content of experimental diets (μg/100g) 
were 13.33, 10.00, 13.33, 16.67, 6.67, 10.00, 11.67 and 3.33 for diets 1, 2, 3, 4, 5, 6, 7 and 8 respectively.  The 
liver retinol (μg/g) (9.69, 9.57, 10.25, 9.93, 9.89, 9.97, 10.04 and 9.74 for chicks on diets 1, 2, 3 4, 5, 6, 7 and 8 
respectively) were not significantly different (P>0.05) 
 
Table 7. β-carotene in the Experimental Diets and Retinol Content of Chick Liver (μg/g) 
Treatment β-carotene (μg/100g) Liver retinol (μg/g) 
Diet 1 13.33ab 9.69 
Diet 2 10.00bc 9.57 
Diet 3 13.33ab 10.25 
Diet 4 16.67a 9.93 
Diet 5 6.67dc 9.89 
Diet 6 10.00bc 9.97 
Diet 7 11.67abc 10.04 
Diet 8 3.33d 9.74 
SEM 0.97 0.10 
Note. SEM: Standard Error of Mean; Diet 2 = 25% TMS 01/1371; Diet 3 = 50% TMS 01/1371; Diet 4 = 75% 
TMS 01/1371; Diet5 = 25% TME 419; Diet 6 = 50% Diet 7 = TME 419 75% TME 419; abcde: Means in the same 
row with different superscript differ significantly (P < 0.05).  
 
5. Discussion 
Carotenoids such as β-carotene are known to enhance immune system (Navara & Hills, 2003), reduce the risk of 
degenerative disesases (Cooper et al., 1999) and scavenge the free radicals (Mortensen et al., 1997) due to the 
antioxidant properties. All yellow cassava varieties investigated contained higher quantity of β-carotene 
compared with the white varieties which may be indicative of their higher potential antioxidant roles. Eleazu and 
Eleazu (2012) also noted that white cassava varieties had lower carotenoid when compared with the yellow 
varieties. β-carotene content from fresh cassava tuber obtained by Aniedu and Omodamiro (2012) ranged from 
52.8 μg/100 g for TMS 30572 to 387.6 μg/100 g in NR 07/0326. This result is however similar to those 
presented in Table 3 for peeled fresh tuber, unpeeled tuber, dried peeled tuber and dried unpeeled cassava but 
β-carotene content of dried peeled tuber of TMS 01/1412 was closest to fresh root of cassava varieties NR 
07/0326.  
The β-carotene was highest in fresh peeled tuber of TMS 01/1412 (468.33 μg/100 g) and lowest in cassava peels 
and cassava grit flour of TME 419 (3.33 μg/100 g). It was however observed that β-carotene content of the 
sample decreased with processing as earlier suggested (Idah et al., 2010; Pinheiro San’Ana et al., 1998a). 
Pinheiro San’Ana et al. (1998b) also reported some degrees of α-carotene and β-carotene losses in carrot after 
cooking. Water cooking without pressure was identified as the most appropriate processing method which 
provided highest retention of α-carotene, β-carotene and total carotenoid in carrots compared to steam-cooking, 
water-cooking with pressure and baking. Higher cooking temperature was more effective in reducing losses of 
carotenoid than absence of water during cooking (Pinheiro San’Ana et al., 1998b). Harrriet and Gretel (1997) 
however opined that carotenoid losses during cooking was dependent on the type of container used and that food 
cooked in open container had higher losses regardless of methods. 
Rasaki and Abimbola (2009) also reported a value of 93 μg/100 g β-carotene content in white garri sampled from 
market which differed from garri of white variety of TME 419 in Table 3. This difference could however be 
adduced to probable production of garri from the different cassava varieties which may include yellow varieties. 
The reported β-carotene content of yellow market garri (321 μg/100 g) samples (Rasaki & Abimbola, 2009) 
contrasted with the corresponding garri prepared from yellow cassava tuber TMS 01/1412, TMS 01/1371, TMS 
01/1368 and TMS 07/0593 with the values between 31.67-106.67 μg/100g. This variation would probably be 
ascribed to palm oil which is habitually added to market garri during production for aesthetic. Palm oil is a 
notable source of carotenoid (You et al., 2002) and the yellowish taint imparted by its addition has been one of 
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the tools aimed at influencing consumers’ choice. This factor may have affected the reported values by earlier 
authors (Rasaki & Abimbola, 2009). The varied β-carotene content of garri flour and high quality cassava flour 
produced by Aniedu and Omodamiro (2012) could however be attributed to different processing methods as their 
high quality cassava flour required sieving of the dried flour, not done in garri flour. Lower β-carotene recorded 
(P < 0.05) in TME 419 (5 μg/100 g) and the corresponding higher value in TMS 01/1412 (30 μg/100 g) were the 
highest levels obtainable in cassava leaves at 12 months age of harvest as reported (Wobeto et al., 2006). 
The FCR of 1.50 recorded by Goodarzi et al. (2013) for starter birds fed control diet was similar to that obtained 
from broilers on diet 1 (1.50) and those on 50% inclusion level of cassava grit from TMS 01/1371 (1.56). It was 
observed in Table 6 that birds on 50% inclusion level of both varieties of cassava recorded better performance in 
terms of weight gain than birds on control diets.  
The main effect of inclusion level of both varieties and level of grit inclusion on performance of broiler chicks 
presented in Table 7 showed that broiler chicks fed 50% inclusion of cassava grit from TMS 01/1371 performed 
better in terms of weight gain and FCR. Significant differences (P > 0.05) were recorded in β-carotene of the diet 
showed that higher inclusion level of cassava grit from TMS 01/1371 resulted in significant increase in β-carotene 
content of the experimental diets.  
There were no significant differences (P > 0.05) in the liver retinol, though chicks fed 50% inclusion of TMS 
01/1371 and 75% inclusion level of TME 419 had the highest liver retinol. The closeness in retinol content could 
however be due to the sufficient amount of vitamin A from the vitamin mineral premix as posited (Higdon, 2005) 
that conversion of β-carotene to vitamin A decreased when body store of vitamin A is high. The processing 
methods of grit also resulted in decreased β-carotene content of grit and resultant similarities in dietary β-carotene 
content except for diet 8 which had 3.33 μg/100 g. The liver retinol obtained in this study was relatively lower 
compared to 13.22 μg/100 g reported for the liver of chickens by Schindler et al. (1987). This observed variation 
could thus be attributed to the differences in the age of birds. 
Dietary β-carotene negatively correlated only with grits inclusion levels (P < 0.05) from TMS 01/1371 (r = 0.40). 
The relationships of β-carotene content of the diets and the inclusions levels of grits from TMS 01/1371 were 
both negative (P < 0.05) linearly and quadratically. The regression equations were:  
Y = 15.333 – 0.0530x      (R2 = 0.16)                  (1) 
Y = 13.667 + 0.147x – 0.003x2   (R2 = 0.36)                  (2) 
6. Summary 
Bio-availability of β-carotene in cassava grit from TMS 01/1371 cassava variety and β-carotene content of some 
selected cassava products were determined. Cassava grit from cassava varieties TMS 01/1371 and TME 419 at 
various inclusion levels were fed to broiler birds. There were strong indications that cassava grit from TMS 
01/1371 was better when compared to TME 419.  
The β-carotene determination for cassava tubers and products indicated that tuber from TMS 01/1412 had the 
highest β-carotene in all the products quantified and TME 419 was least. TMS 01/1412 fresh tuber had the 
highest β-carotene while grit flour and peels of TME 419 were the lowest. 
7. Conclusion 
Replacement of maize with up to 75% cassava grit from TMS 01/1371 and TME 419 in broiler ration had no 
deleterious effect on birds’ performance. Also, 50% TMS 01/1371 substitution for maize resulted in better 
performance indices of broiler chickens in two weeks. Cassava products from yellow cassava varieties have 
potentials to contribute and assist the vitamin A status of animals. 
8. Recommendations 
The following recommendations were made: 
 Cassava grits can partially replace maize up to 50% percent without any deleterious effect. 
 Labour saving production and processing of cassava grits need to be developed. 
 There is the need for increased awareness on the use of yellow cassava grit in poultry industry. 
 There is the need for the development of high dry matter cassava tuber. 
 Production and processing of β-carotene cassava grit should be done in a less exposed environment for 
better retention. 
 
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 
195 
Acknowledgements 
Authors hereby appreciate the immense contributions of Amo Farms Siebrier Hatchery, Awe, Oyo State, Nigeria 
for the free donation of quality day old chicks for this study. Also, we thank the entire staff and management of 
IITA, Ibadan for assisting the research with the two cassava varieties used.  
References 
Adegbola, A. A., & Asaolu, O. (1985). Preparation of cassava peels for use in small ruminant production in 
western Nigeria. ILRI, Towards Optimal feeding of agricultural byproducts to livestock in Africa (pp. 
109-115).  
Ajaiyeoba, A. I. (2001). Vitamin A deficiency in Nigerian children, Afr. J. Biomed. Res., 4(3), 107-110. 
Aniedu, C., & Omodamiro, R. M. (2012). Use of newly bred carotene cassava in production of value- added 
products: implication for food security in Nigeria. Global Journal of Science Frontier Research Agriculture 
and Veterinary Sciences, 12(10), 11-16. 
AOAC. (1990). Official Methods of Analysis of the Association of Official Analytical Chemists (15th ed., pp. 
1045-1047). 
AOAC. (1995). Association of Official Analytical Chemist Official Methods of Analysis (16th ed.). Washington 
D.C. USA. 
AOAC. (2005). Official Methods of Analysis of the Association of Analytical Chemists (AOAC) International 
(18th ed., Method 941.15. AOAC 45.1.03, p.7). Arlington, Va.USA 
Ayaşan, T. (2010). Use of cassava and products in animal nutrition. J. Agric Fac Gaziosmanpasa University, 
27(1), 73-83. 
Ayasan, T., & Karakozak, E. (2010). Use of β-carotene in animal nutrition and its effects. Journal of the Faculty 
of Veterinary Medicine, 16(4), 697-705.  
Bamgbose, A., Bello, T. K., & Adeboye, A. (2011). Quality characteristic of tapioca from delayed processed 
cassava. Journal of Agriculture and Veterinary Sciences, 3, 42-50. Retrieved from 
http://www.cenresinpub.org 
Beach, J. R. (1923). “Vitamin A.” Deficiency in poultry. Science, 58(1513), 542. 
http://dx.doi.org/10.1126/science.58.1513.542 
Cooper, D. A., Eldridge, A. L., & Peters, J. C. (1999). Dietary carotenoids and certain cancers, heart disease, and 
age-related macular degeneration: a review of recent research. Nutrition Reviews, 57(7), 201-14. 
http://dx.doi.org/10.1111/j.1753-4887.1999.tb06944.x 
Eleazu, C. O., & Eleazu, K. C. (2012). Determination of the proximate composition, total carotenoid, reducing 
sugar and residual cyanide levels of flours of 6 new yellow and white cassava (Mahihot esculenta Crantz) 
varieties. American Journal of Food Technology, 7(10), 642-649. 
http://dx.doi.org/10.3923/ajft.2012.642.649 
Goodarzi, M., Nasir, L., & Shahram, N. (2013). Effect of onion (Allium cepa L.) as an antibiotic growth 
promoter substitution on performance, immune responses and serum biochemical parameters in broiler 
chicks. Health, 5(8), 1210-1215. http://dx.doi.org/10.4236/health.2013.58164 
Harriet, V. K., & Gretel, H. P. (1997). Culture, environment and food to prevent vitamin A deficiency. 
International Nutrition Foundation for Developing Countries (INFDC). 
Higdon, J. (2005). Carotenoid. Micronutrient Information centers Linus Pauling Institute. Retrieved from 
http://Ipi.oregonstate.edu/infocenter/phytochemicals/carotenoids 
Hinds, T. S., West, W. L., & Knight, E. M. (1997). Carotenoids and retinoids - a review of research, clinical, and 
public health applications. The Journal of Clinical Pharmacology, 37(7), 551-558. 
http://dx.doi.org/10.1002/j.1552-4604.1997.tb04336.x 
Idah, P. A., John, J. M., & Sunday, T. O. (2010). Effect of temperature and drying time on some nutritional 
quality parameters of dried tomatoes. AU Journal of Technology, 14(1), 25-32. 
IITA. (2011). New vitamin A-fortified cassava released in Nigeria, set to improve health of millions. IITA news 
of December 12, 2011. 
Johnson, E. J. (2002). The role of carotenoids in human health. Nutr Clin Care, 5(2), 56-65. 
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 
196 
http://dx.doi.org/10.1046/j.1523-5408.2002.00004.x 
Junpatiw, A., Lertrat, K., Lomthaisong, K., & Tangwongchai, R. (2013). Effects of steaming, boiling and frozen 
storage on carotenoid contents of various sweet corn cultivars. International Food Research Journal, 20(5), 
2219-2225. 
Mama Project. (2010). Child survival factsheets: Vitamin A. MAMA Project, Inc. University of Maryland Dental 
School Prevention and Control of Noma in Nigeria. Retrieved from http://www.mamaproject.org 
Mortensen, A. (2006). Carotenoids and other pigments as natural colorants. Pure Applied Chemistry, 78(8), 
1477-1491. http://dx.doi.org/10.1351/pac200678081477 
Mortensen, A., Skibsted, L. H., Sampson, J., Rice-Evans, C., & Everett, S. A. (1997). Comparative mechanisms 
and rates of free radical scavenging by carotenoid antioxidants. FEBS Lett, 418(1-2), 91-97. 
http://dx.doi.org/10.1016/S0014-5793(97)01355-0 
Navara, K. J., & Hill, G. E. (2003). Dietary carotenoid pigments and immune function in a songbird with 
extensive carotenoid-based plumage coloration. Behavioral Ecology, 14(6), 909-916. 
http://dx.doi.org/10.1093/beheco/arg085 
Pinheiro San’Ana, H. M., Stringheta, P. C., Brandao, S. C., Paez, H. H., & Queiroz, M. V. (1998a). Evaluation of 
total carotenoids, a- and b-carotene in carrot (Daucus carota L.). Ciênc. Tecnol. Aliment., Campinas, 18(1), 
865-869.  
Pinheiro San’Ana, H. M., Stringheta, P. C., Cardoso-Brandão, S. C., & Cordeiro de Azeredo, R. M. (1998b). 
Carotenoid retention and vitamin A value in carrot (Daucus carota L.) prepared by food service. Food 
Chemistry, 61(1-2), 145-151. http://dx.doi.org/10.1016/S0308-8146(97)00084-8 
Rao, A. V., & Honglei, S. (2002). Effect of low dose lycopene intake on lycopene bioavailability and oxidative 
stress. Nutr. Res., 22(10), 125-131. http://dx.doi.org/10.1016/S0271-5317(02)00430-X 
Rasaki, A. S., & Abimbola, E. A. (2009). Beta carotene content of commonly consumed foods and soups in 
Nigeria. Pakistan Journal of Nutrition, 8(9), 1512-1516. http://dx.doi.org/10.3923/pjn.2009.1512.1516 
Sarkiyayi, S., & Agar, T. M. (2010). Comparative analysis on the nutritional and anti-nutritional contents of the 
sweet and bitter cassava varieties. Advance Journal of Food Science and Technology, 2(6), 328-334.  
SAS Institute, Inc. (2002). SAS language: Reference (Version 6, 1st ed.). SAS Institute Inc., Cary, North Carolina, 
USA. 
Schindler, R., Scholz, M., & Feldheim, W. (1987). Quantitative determination of vitamin A in liver and 
liverwurst using high pressure liquid chromatography (HPLC). Z Lebensm Unters Forsch, 185(3), 
208-212. http://dx.doi.org/10.1007/BF01042048 
Sommer, A., Tarwotjio, I., Hussainni, G., & Sussanto, D. (1983). Increased mortality in children with Vitamin A 
deficiency. Lancet, 2(8350), 585-588. http://dx.doi.org/10.1016/S0140-6736(83)90677-3 
Tee, E. S. (1995). The medical importance of vitamin A and carotenoids (with reference to developing countries) 
and their determination. Malaysia J. Nutr., 15, 23-25.  
Tewe, O. O. (2005). Ume/Tewe Grit. Federal Repbublic of Nigeria, Patents and Decree 1970 (1970 No. 60), 
Patent No. RP:16198. 
UNICEF. (2007). Vitamin A Supplementation: A decade of progress. The United Nations Children’s Fund, 
UNICEF House, 3 UN Plaza, New York, NY 10017, USA. 
Wobeto, C., Angelita, D. C., Celeste, M. P., Custódio, D. S., & José, R. A. (2006). Nutrients in the cassava 
(Manihot Esculenta Crantz) leaf meal at three ages of the plant. Ciência e Tecnologia de Alimentos 
Campinas, 26(4), 865-869. http://dx.doi.org/10.1590/S0101-20612006000400024 
You, C. S., Parker, R. S., & Swanson, J. E. (2002). Bioavailability and vitamin A value of carotenes from red 
palm oil assessed by an extrinsic isotope reference method. Asia Pacific Journal of Clinical Nutrition, 





www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 
197 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 
